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© Amplification of hybridization signals by employing complementary DNA strands. 

© A method for assaying sample for a target ligand 
Includes the step of contacting sample with reagent 
from a kit including reagent probe, amplifier strand 
and label strand. The reagent probe is capable of 
binding to the target ligand and includes a poly- 
nucleotide tail portion. The amplifier strand and label 
strand bind to the tall portion to form a poly- 
nucleotide network. The label strand includes a label 
moiety capable of detection. 
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AMPLIFICATION OF HYBRIDIZATION SIGNALS BY EMPLOYING COMPLEMENTARY DNA STRANDS 



BACKGROUND OF THE INVENTION 

The present invention pertains to methods, 
reagent compositions and kits for enhancing the 
signal-generating capabilities of biological probes 5 
for use in the detection and quantitative analysis of 
target molecules In particular, the present invention 
relates to methods, reagent compositions and kfts 
for performing deoxyribonucleic acid (DNA) or ri- 
bonucleic add (RNA) hybridization assays in which to 
the signal-generating capabilities of DNA or RNA 
probes are amplified or enhanced by the formation 
of a secondary network of labeled entities. 

The following definitions are provided to facili- 
tate an understanding of the present invention. The 75 
term "biological binding pair* as used in the 
present application refers to any pair of molecules 
which exhibit mutual affinity or binding capacity. 
For the purposes of the presort application, the 
tBim "ligand" will refer to one molecule of the 20 
biological binding pair and the term "antidgand* or 
"receptor 0 will refer to the oppositB molecule of the 
biological binding pair. For example, without {imita- 
tion, embodiments of the present invention have 
application In nucleic acid hybridization assays 25 
where the biological binding pair includes two com- 
plementary str&ids of polynucleic acid. One of the • 
strands is designated the ligand and the other 
strand is designated the antffigartd. However, the 
biological binding pair may Include antigens and so 
antibodies, drugs and drug receptor sites, and en- 
zymes and enzyme substrates to name a few. 

The term "probe" refers to a member of a 
biological binding pair known to bind to a target 
ligand. As applied to nucleic acids, the term probe 3$ 
refers to a strand of nucleic add having a base 
sequence complementary to a target strand. The 
term "label" refers to a molecular moiety capable 
of detection including, by way of example, without 
limitation, radioactive isotopes; enzymes; fiuores- 40 
cent, chemiluminescent, or precipitating agents; 
and dyes. 

Genetic information is stored in living ceils in 
the thread-Glee molecules of DNA or RNA in vivo, 
the DNA molecule is a double helix, each strand of 4S 
which is a chain of nucleotides. Each nucleotide is 
characterized by one of four bases: adenine (A), 
guanine (G), thymine (T), and cytostne (C). The 
bases are complementary in the sense that, due to 
the orientation of functional groups, certain base so 
pairs attract and bond to each other through hy- 
drogen bonding. Adenine m one strand of DNA 
pairs with thymine in an opposing complementary 
strand. Guanine in one strand of DNA pairs with 
cytosrne in an opposing complementary strand. 



The genetic code of a living organism is car- 
ried upon the DNA strand in the sequence of base 
pairs. DNA consists of oovalentiy Bnked chains of 
deoxy ribonucleotides and RNA consists of oovalen- 
tiy linked chains of ribonucleotides. Each nucleic 
acid is linked by a phosphodiester bridge between 
the 5* hydroxy! group of the sugar of one 
nucleotide and the 3' hydroxy! group of the sugar 
of an adjacent nucleotide. Each linear strand of 
DNA or RNA has free 5* and 3' ends. 

Nucleic acid hybridization assays are based on 
the tendency of two nucleic acid strands to pair 
and rewind at their complementary regions to form 
double helixes. The greater the extent of com- 
plementarity of their sequences, the greater is the 
tendency for a given pair of nucleic acid strands to 
associate and form duplexes. 

Presently, nucleic acid hybridization assays are 
primarily used to detect aid identify unique DNA or 
RNA base sequences or specific genes in a com- 
plete DNA or RNA molecule, mixtures of nucleic 
acids or mixtures of ivicfeic add fragments. The 
identification of unique DNA or RNA sequences or 
specific genes, within DNA or RNA extracted from 
bacteria, may indicate the presence of genes for 
enzymes which convey antibiotic resistances. The 
identification of unique DNA sequences or specific 
genes, within DNA extracted from human or animal 
tissue, indicates the presence of genes which pre- 
dispose the human or animal to cancer or genetic 
diseases such as sickle-cell anemia. 

Thus, nucleic acid hybridization assays have 
great potential in the diagnosis or detection of 
diseases including genetic or chromosomal abnor- 
malities, antibiotic resistance in infectious diseases 
and tissue compatibility. Further potential exists in 
agriculture aid food processing where nucleic add 
hybridization assays may be used to detect plant 
pathogens or toxin-producing bacteria. 

in a typical polynucleotide hybridization test 
two DNA specimens are mixed and heated beyond 
the dissociation temperature of both and then cook 
ed slowfy. If the two DNA specimens possess 
complementary base sequences, they will asso- 
ciate to form hybrid duplexes. The extent to which 
such hybrids form is easily determined If cm of 
the DNA spedmens is first labeled with a radioac- 
tive isotope of phosphorus ("P) and the other 
specimen is immobilized on a solid support After 
allowing the two DNA spedmens to hybridize, the 
unhybridized DNA strands can be separated from 
the immobilized DNA s trands by simple washing of 
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the surface to which the DNA strand is immo- 
bilized. The surface can then be tested for radioac- 
tivity exhibited by the radioactive label of the op- 
posing DNA strand. 

One of the most widely used procedures is 
known as the Southern blot filter hybridization 
method or simply the Southern procedure - 
(Southern. E.. J, M2L Bjoh . 98, 503, 1975). The 
Southern procedure is used to identify target DNA 
sequences. The procedure Is generally carried out 
by subjecting sample DNA, potentially containing 
the target sequence isolated from an organism, to 
restriction endonucJease digestion to form DNA 
fragments. The sample DNA fragments are then 
electrophoresed on a gel such as agarose or 
polyacrylamide to sort the sample fragments by 
length. Each group of fragments can be tested for 
the presence of the target sequence. The DNA is 
denatured inside the gel to enable transfer to ni- 
trocellulose sheets. The gel containing the sample 
DNA fragments is placed In contact (blotted) with a 
nitrocellulose filter sheet or diazotized paper. The 
sample DNA fragments are transferred and be- 
come bound to the nitrocellulose sheet or dia- 
zotized paper. The nitrocellulose sheet containing 
the sample DNA fragments is then heated to ap- 
proximately 85°C to immobilize the DNA. The ni- 
trocellulose sheet Is then treated with a solution 
containing a denatured radiolabeled DNA probe. 
The radiolabeled DNA probe includes a strand of 
-DNA having a base sequence complementary to 
the target sequence and having a radioactive moi- 
ety which can be detected. Hybridization between 
the probe and sample DNA fragments is allowed to 
take place. During the hybridization process, the 
sample DNA is 'Sowed to recombine with labeled 
DNA probe and agaM form double-stranded struc- 
tures. The hybridization process is very specific. 
The labeled DNA probe will not recombine with 
sample DNA if the two DNA entities do not share 
complementary base pair organization. Hybridiza- 
tion can take from 3 to 48 hours, depending on 
given conditions. Unhybridized DNA probe is'sub- 
sequentfy washed away. The nitrocellulose sheet is 
then placed on a sheet of X-ray film and allowed to 
expose. The X-ray film is developed with the ex- 
posed areas on the film identifying DNA fragments 
which have hybridized to the DNA probe and there- 
fore have the base pair sequence of interest 

The use of nucleic acid hybridization assays 
has been hampered in part by the rather long 
exposure times required to visualize bands on X- 
ray film. A typical Southern procedure may require 
1-7 days for exposure alone. Further, many of the 
present techniques require radioactive isotopes as 
labeling agents. The use of radioactive labeling 
agents requires special laboratory procedures and 
licenses. Nonradioactive assays, utiGzing enzymat- 



ic, fluorescent or chemiluminescent label moieties, 
have not had the sensitivity or the specificity nec- 
essary to be considered reliable hybridization as- 
says. 

6 In an effort to increase the sensitivity of non- 

radioactive hybridization assays, the Enzo Biochem 
Company (ENZO) located in New York has mar- 
keted a DNA assay system under the trademark 
BIO-BRIDGE The ENZO system uses an enzyme, 

ro terminal transferase, to build "talis" of thymidine - 
(poly T) on the terminal 3' hydroxyl position of the 
deoxyrfbose sugar backbone of DNA fragments for 
use as a poly T-tailed probe. The poly T-tailed 
probe Is allowed to hybridize to Immobilized target 

75 DNA. Unhybridized poly T-talled probe Is washed 
or otherwise removed. Next, a plurality of labeled 
homopolymer strands of adenosine (poly A), each 
Incorporating at least one blotin molecule, is 
hybridized to the poly T tail of the probe. Blotin is 

20 a nonradioactive label moiety. Blotin is detectable 
by the Interaction of blotin with biotin-binding pro- 
teins which in turn are coupled to fluorescent dyes 
or color-producing enzymes. Unhybridized poly A 
strands are washed away or removed. Detection of 

25 the biotin on the label Is Indicative of the presence 
of target DNA. The signal-enhancing capabilities of 
the ENZO system appear to be limited. 

In particular, there are practical Jimrts to the* 
length of tail segments Incorporated on probe seg- 

3o merits. As the length of the tail segment Increases, 
hybridization efficiency and sensitivity decrease. As 
the length of the tall portion is limited, so Is the 
ability to Incorporate label moieties Into the tail or 
to hybridize additional polynucleotide-iabeled seg- 

35 merits to the tall. 

SUMMARY OF THE INVENTION 

It is an object of the present Invention to pro- 

40 vide methods, reagent compositions and kits for 
performing assays for molecules of interest which 
are members of a biological binding pair. Other 
objects will be presented hereinafter. 

Briefly, an embodiment of the Invention in- 

45 eludes a method for assaying samples for a target 
member of a biological binding pair. The method 
includes contacting sample which may contain tar- 
get Dgand of a biological binding pair with reagent 
under binding conditions. The reagent includes re- 

so ceptor probe, amplifier strand and label strand. The 
receptor probe Is capable of specifically binding to 
the target ligand under binding conditions. The 
receptor probe further includes a polynucleotide tail 
portion capable of binding to the amplifier strand. 

55 The amplifier strand includes a ' polynucleotide 
strand capable of binding to the tail portion and to 
at least one of the label strands. The label strand 
includes a polynucleotide strand having a label 
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moiety capabfe of detection* Unbound reagent is 
removed from the sample and the sample mon- 
itored for the presence of the label mofety. The 
present Invention allows a single target molecule to 
Initiate a series of hybridizations forming a network 
of polynucleotide amplifier and label strands. The 
network enhances the signal-generating capacity of 
the single target molecule. 

Preferably, the tail portion of the receptor 
probe includes a homopolymer of DNA or RNA 
such as poly A or poly T. The amplifier strand is 
preferably a homopolymer of DNA or RNA which is 
complementary to the tail portion. Thus, if the tail 
portion of the receptor probe is a poiy A homo- 
polymer of DNA or RNA, one amplifier strand 
would preferably include a homopolymer of poly T. 
Similarly, if the tail portion of the receptor probe is 
a poly T homopolymer of DNA or RNA, the am- 
plifier strand would preferably include a homo- 
polymer of poly A. 

Preferably, the label strand is a DNA or RNA 
homopolymer complementary to tie amplifier 
strand. Further, the label strand includes a label 
moiety which is capable of detection. The label 
moiety may include, by way of example without 
limitation, a radioisotope, nonradioactive entities, 
such as enzymes, fluorescent chemiluminescent 
or precipitating agents or dyes. Those skilled in the 
art will- recognize that other reagent entities, such 
as the amplifier strand, the tail -portion of the recep- 
tor probe, and the receptor probe itself may also 
carry label moieties. 

One embodiment of the present invention in- 
cludes a method for assaying sample for single- 
stranded polynucleotide target segments. The 
method includes contacting sample potentially con- 
taining single-stranded polynucleotide target seg- 
ments with reagent polynucleotide strands under 
hybridization conditions. The reagent poly- 
nucleotide strands include polynucleotide probe 
strand, polynucleotide amplifying strand, and poly- 
nucleotide label strand. The probe strand includes 
base sequences complementary to a representa- 
tive portion of the target segment The probe 
strand also includes a polynucleotide tail portion 
capable of binding to the amplifier strand. The 
amplifier strand is capable of binding to the label 
strand. The label strand includes a label moiety 
which is detectable. After hybridization has taken 
place, unhybridtzed reagent strands are removed 
from the sample and the sample is monitored for 
the presence of the label moiety. The presence of 
the label moiety indicates the presence of the 
target angle-stranded polynucleotide segment in 
the sample. The magnitude of the label response is 
an indication of the concentration of the target 
single-stranded polynucleotide segment in the 
sample. 



A preferred embodiment includes an amplifier 
strand capable of binding to a plurality of label 
strands allowing for the signal-generating capability 
of the target polynucleotide segment and poly- 
s nucleotide probe strand. 

A further embodiment of the present invention 
includes the additional step of contacting the sam- 
ple with a second set of amplifier strand and label 
strand. The second amplifier strand is capable of 
to binding to the preceding amplifier strand and the 
label strand is capable of binding to the second 
amplifier strand. The additional step may be re- 
peated to build a network of amplifier strands and 
label strands until acceptable signal levels are 
is achieved. 

A further embodiment of the present invention 
includes a reagent composition for use with a 
probe strand having a polynucleotide tail portion. 
The reagent composition comprises a poly- 
20 nucleotide amplifier strand and a polynucleotide 
label strand. The amplifier strand is complementary 
to a representative segment of the tail portion of 
the probe strand. The polynucleotide label strand is 
complementary to a representative segment of the 
26 polynucleotide amplifier strand. The label strand 
includes a label moiety capable of detection. 

A further embodiment includes a reagent com- 
position including a polynucleotide probe strand as 
well as an amplifier strand and a label strand. 
so Again, the polynucleotide probe strand has a tall 
portion complementary to a representative segment 
of the amplifier strand. 

An embodiment further includes a reagent 
composition wherein reagent strands are hybricfiz- 
35 ed to each other. The reagent strands are placed in 
contact with sample singie-stranded polynucleotide 
segments under hybridization conditions to form a 
network of reagent strands. 

A further embodiment of the present invention 
40 includes a kit for assaying target single-stranded 
polynucleotide segments in a sample. The kit In- 
cludes reagent single-stranded polynucleotide 
probe strands which are complementary to a repre- 
sentative portion of a target single-stranded poly** 
45 nucleotide segment Each reagent probe strand 
includes a polynucleotide tafl portion capable of 
binding to a complementary reagent polynucleotide 
amplifier strand. The kit further includes a reagent 
polynucleotide ampGfier strand and a reagent poly- 
so nucleotide label strand. The label strand is com- 
plementary to the amplifier strand and Includes a 
label moiety capable of detection. Under hybridiza- 
tion conditions, the reagent probe strand hybridizes 
to the sample target segment The amplifier strand 
55 hybridizes to the tail portion of the reagent probe 
strand, and the reagent label strand hybridizes to 
the amplifier strand to form a network of reagent 
strands hybridized to the target segment 
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A further embodiment includes a kit having a 
second amplifier strand and a second label strand. 
The second amplifier strand is capable of binding 
to the first amplifier strand. The second label 
strand is capable of binding to the second amplifier 
strand. The application of the first and second 
amplifier strand and label strands can be repeated 
to build up a network of amplifier and label strands 
and increasing the detectable signal. 

The present method, reagent composition, and 
kit provide for improved specific activities which 
approach five times the activity of conventional 
assay techniques and kits. The high specific activ- 
ity of the reagent network formed during the proce- 
dure minimizes exposure time. 

Turning now to the drawing, which by illustra- 
tion depicts preferred embodiments, a method of 
procedure, with necessary reagent compositions, is 
illustrated in schematic form for an assay for a 
target polynucleotide strand. Figure 1 depicts a 
target strand (TS) immobilized on a solid substratB 
such as nitrocellulose paper. In conventional assay 
techniques, more than one target strand would be 
immobilized; however, for simplicity to further an 
understanding of the invention, the Illustrations de- 
pict only a single target strand. The target strand is 
brought into contact with a reagent probe (RP) 
which has a base sequence complementary to a 
representative portion of the target strand. Under 
hybridization conditions, the target strand and the 
probe strand form a target-probe duplex (TP) im- 
mobilized to the support 

The probe strand has a tail portion including a 
homopolymer of poly T which is capable of binding 
to an amplifier strand including a complementary 
base sequence, a homopolymer of poly A. The tail 
portion and amplifier strands are illustrated with 
arbitrary numbers of nucleotides chosen for sim- 
plicity to facilitate an understanding of the inven- 
tion. It will also be recognized that the illustrated 
binding sites of the homopolymsrs are arbitrary. 

Turning now to Fig. 2. the amplifier strand (A) 
is brought into contact with the tail portion of the 
polynucleotide probe under hybridization condi- 
tions. The tail portion and the amplifier strand 
quickly form a targetprobe-amplifier complex * 
(TPA). 

The tail and amplifier strand allow for multiple 
binding sites for a label strand (L) including a base 
sequence complementary to the amplifier strand, a 
homopolymer of poly T. The label strand (L) in- 
cludes label moieties capable of detection gen- 
erally designated with dots above the capital letter 
representing the nucleotide. Under hybridization 
conditions, substotchiometic quantities of the label 
strand (L) bind to portions of the amplifier strand - 
(A) to form target-probe-amplrfieMabel complex - 
(TPAL) as illustrated in Fig. 3. Unbound reagent 



probe strand, amplifier strand and label strand can 
be washed and the sample monitored for the pres- 
ence of label. The presence of label is indicative of 
the presence of the target strand. 

6 For some applications, particularly those involv- 
ing nonradioactive label moieties, it is desirable to 
further amplify or enhance the signal-generating 
abilities of the target-probe-amplifier-complex - 
(TPAL). Thus, the first amplifier strand (A) and label 

70 strand (L) are brought Into contact with a second 
amplifier strand (A f ) such as a homopolymer of T 
capable of binding to unhybridized portions of the 
first amplifier strand. Under hybridization condi- 
tions, the second amplifier strand (A*) forms a 

75 duplex with free areas along the first amplifier 
strand to form the structure Identified by the letters 
TPALA* illustrated In Fig. 4. 

A second label strand (L'} capable of binding to 
the second amplifier strand (A') Is brought Into 

20 contact with the second amplifier strand (A*) under 
hybridization conditions. The second label strand • 
<L') quickly forms duplexes with portions of the 
second amplifier strand (A') to form the complex 
designated TPALA'U as best seen In Fig. 5. 

25 Preferably, after each hybridization step, un- 
hybridized reagent strands are removed from the 
sample. After the final hybridization step and final 
wash, the sample is monitored for the presence of 
label. 

30 It will be recognized that the second amplifier 
strand and second label strand can be followed 
with additional amplifier and label strand combina- 
tions. Further, those skilled In the art will recognize 
that the label strand and amplifier strand combfna- 

3s lion can be brought into contact with target and 
reagent strands as a single entity, reducing the 
number of steps. 

Thus, in Rg. 6a, a first amplifier-label complex 
(AL) is formed by contacting the first amplifier 

40 strand (A) with a substoichlometlc amount of a 
label strand (L). Similarly, a second amplifier-label 
complex (AL ) is formed by contacting the second 
amplifier strand (A 1 ) with a substolchlometic 
amount of a second label strand (L f ) as illustrated 

45 in Rg. 

The target-probe duplex of Rg. 1 is brought 
into contact under hybridization conditions with the 
first amplifier-label complex (AL) to form a complex 
designated TPAL as illustrated in Rg. 7. Next the 
so second amplffi eNabel complex (AL*) is brought 
Into contact with the complex TPAL under hy- 
bridization conditions to form a larger network of 
amplifier label strands designated as TPALA'L* il- 
lustrated in Rg. 8. 

55 
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Again, rt is preferred after each hybridization 
step, unhybridized reagent strands are removed 
from the sample. After the final hybridization step 
and final wash, the sample is monitored for the 
presence of label. 

The hybridization of homopolymer reagent 
strands occurs quickly. The base pairs do not need 
to be positioned to find a complementary arrange- 
ment After one base pair is in position for mutual 
attraction, the others are readily aligned. 

The rate Dmiting step, the hybridization of the 
target strand to the probe strand, is not impeded 
by large label moieties on the tail portion or by an 
extremely large tail portion on the probe strand. 
Further hybridization steps between homopolymer 
strands proceed quickly allowing the assay proce- 
dure to be performed in a relatively short time. 

In embodiments of the present invention utiliz- 
ing radioactive labels, the present invention pro- 
vides a specific activity much greater than conven- 
tional techniques. Film exposed to the radioactivity 
react fester to the stronger signals, decreasing ex- 
posure time. Alternatively, Iowa- concentrations of 
target strands can be detected. 

In embodiments of the present invention utiliz- 
ing nonradioactive enzymatic, chemiluminescent or 
fluorescent label moieties, the label moieties and 
cefaclors for signal-generating reaction may be af- 
fixed to reagent polynucleotide strands to bring 
label moieties and c efaclo rs in close mutual prox- 
imity. The term "cofactor* is used broadly herein 
to include all molecular species which may partici- 
pate in reactions which produce a detectable re- 
sponse. For example, chemiluminescent and flu- 
orescent moieties are combined to provide energy 
transfer or chem iluminescent label moieties are 
combined with reactants to provide light-emitting 
reactions. The cofactors and other label moieties 
are localized on different reagent strands which are 
brought together upon the formation of a network of 
strands to increase the possibility of detectable 
reactions taking place. 

The present invention is further Ill ustrate d and 
described in the following experimental examples 
which exemplify features of preferred embodi- 
ments. 

EXAMPLE 

In the present example all labeled nucleotides 
were obtained from New England Nuclear. The 
plasmid pBR322 was obtained from Bethesda Re- 
search Labs (BRL). The plasmid pBR322 was re- 
stricted with the enzyme Hha I, obtained from BRL, 
creating multiple restriction fragments of fie plas- 
mid. The enzyme terminal deoxynucJeoudyl trans- 
ferase -tdt) was obtained from Life Sciences. Inc., 
St. Petersburg, Florida. Bovine serum albumin was 



obtained from Bethesda Research Labs of Garth er- 
sburg, Md. Pofydextran used in the example 
chromatography Is marketed under the trademark 
SEP HAD EX G-25 by Pharmacia PL Biochemicals, 
5 Inc. of Piscataway. NJ. Nitrocellulose filters and 
blot apparatus used En the example are marketed 
under the trade designation BA85 for fitters and 
Minffold I for apparatus by Schleicher and SchueD. 
AO other reagents were of analytical grade. 
jo In the present examples, SDS buffer includes 
0.1 M sodium chloride, 10 mM tris(hydroxymethyl) 
amlnomethane hydrochloride (pH 7.4), 5 mM eth- 
ylene diamine tetraacetate (EDTA) and 0-5% so- 
dium dodecyl sulfate (SDS). The equal volume 
Y5 mixture of phenol and chloroform contained 1% 
isoamyt alcohol. The chloroform used in the exam- 
ples also contained 1% isoamyl alcohol. The Ix 
sodium chloride/sodium citrate buffer (SSC) of the 
present example included 0.15 sodium chloride 
20 and 0.015 sodium citrate (pH 7.3). 

Terminal deoxynudeotidyl transferase was 
used to build tails to the restriction fragments of 
pBR322 to form a reagent polynucleotide probe 
strand having a homopolymer tail. In a reaction 
25 volume of 60 microliters, 100 ng of the restriction 
fragments were incubated for 60 minutes at 37°C 
In 100 mM potassium cacodyfate (pH 7.0). 1 mM 
cobalt chloride, 100 mM beta-mercaptoethanol. 25 
microcuries ' of tritium-labeled thymidine 
so triphosphate (dTTP) (100 Ci/mmole), 0.1 mg/ml bo- 
vine serum albumin and 100 units of terminal deox- 
ynudeotidyl transferase. Ter minal deox- 
ynudeotidyl transferase adds in a sequential man- 
ner free nudeotides to the 3* end of a strand of 
35 DNA. Thus, reagent probe strands were prepared 
having a probe portion complementary to portions 
of plasmid pBR322, by virtue of their origi n. and a 
tail portion of poly-deoxythymidine (poly T) which 
is capable of binding to a complementary strand of 
40 poly-deoxyadenosine (poly A). An average of 85 
deoxythymidine residues were added to the reac- 
tion fragments as determined in calculations set 
forth later in the application. 

Reagent amplifier strands, polynucleotide 
46 strands complementary to tail portions on reagent 
polynucleotide probe strands, can be obtained from 
several companies which specialize in biologicals, 
such as life Sdences, Inc. or synthesized with the 
enzyme terminal deoxynudeotidyl transferase as 
so suggested by the protocol which follows pertaining 
to the synthesis of reagent labeled strands. The 
reagent amplifier strand of the present example 
included a poly A homopolymer having an average 
length of 4000 nucleotides. 
55 Reagent label strands were synthesized utiliz- 
ing terminal deoxynudeotidyl transferase. Using 
terminal deoxynudeotidyl transferase, tritium -label- 
ed deoxythymidine triphosphate fH-dTTP) was en- 
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zymaticaily added to homopofymer strands of poly 
T of sixteen nucleotide length (dpT)« to form 
homopofymer strands of poly T of 65 nucleotide 
length (dpT) 0 having a radioactive label moiety. 

Thus, m a reaction volume of 60 microliters, 10 
ng of homopofymer strands of poly T of sixteen 
nucleotide length were incubated for 60 minutes at 
37° C in 100 mM potassium caoodylate (pH 7.0). 1 
mM cobalt chloride. 1 mM beta-mercaptoethanol. 
25 microcuries of tritium-labeled deaxythymidine 
triphosphate (100 CiAnmole). 100 microgram s/ml 
bovine serum albumin, and 100 units of terminal 
dsoxynucfeottdyl transferase. 

The resultant reagent label strands were 
hybridized to reagent amplifier strands to form a 
reagent amplifier-label complex which was saved 
until used. Thus, 33 ng of radioactive-labeled poly- 
deoxythymidine (65 nucleotides in length) were in- 
cubated with 50 ng of polydeoxy adenosine (4,000 
nucleotides in length) in 2X sodium chloride-so- 
dium citrate buffer at 55°C for 60 minutes. 

The reagent probe strands and the reagent 
amprifiertabel complexes were purified using stan- 
dard procedures. Thus, 10 volumes of SDS buffer 
were added to the reactant vessels containing the 
respective reagent probe strands and amplifier- 
label complexes. The respective reagent probe 
strands and amplifier-label complexes were extract- 
ed twice with an equal volume mixture of phenol 
and chloroform and once with chloroform. The or- 
ganic residues and residual nucleotides were re- 
moved from the respective reagent probe strands 
and amplifier-label complexes by two successive 
spins through 10-15 volumes of SEPHADEX Q-25 
brand polydextran packed columns equilibrated 
with 10 mM of EDTA (pH 7.0). The polydextran 
was heated to 37 °C and degassed prior to its use 
in spun column chromatography. 

After pelleting the SEPHADEX Q-25 brand 
polydextran fines, SDS was added in quantities 
sufficient to make a 02% concentration in the 
supernatant liquid containing the respective probes. 
The supernatant liquid was stored at 4°C until 
ready for use. Typically, the supernatant liquid con- 
tained 50% of the theoretical yield of respective 
reagent probe strands and amplifier-label complex. 
As described herein, the tail of the reagent probe 
strand bears radioactive labels. However, it will be 
recognized that the label incorporated within the tail 
is not necessary for the operation of the reagent 
amplifier strand or the reagent label strand. How- 
ever, the label does permit the calculation of the 
average tail length of the target probe. 



The average tail length, U of both the probe 
- strand and the label strand, was calculated as 
follows: 

5 L ■ (TCA cpm ■ 325 1 m)/(c 1 22 1 10* * Sa 1 
M). 

In the above equation, TCA cpm equals the 
total radioactivity in the sample that can be 
precipitated by the addition of trichloroacetic acid. 
to In our examples, the probe strand had a TCA cpm 
of 6 K 10 s , and the label strand had a TCA cpm of 
3 ■ ^(f 

The numeral 325 equals the approximate aver- 
age mass of a sodium deoxyribonucleotide mea- 

75 sured in daltons. The number of nucleotides per 
strand is represented by m. In our examples, the 
probe strand had an average number of 
nucleotides of 141, and the label strand had an 
average number of nucleotides of 16. In the case of 

20 the label strand the value is known due to the use 
of synthetic oligonucleotide starting materials. In 
the case of the probe strand, the average number 
of nucleotides is calculated from the known number 
of base pairs in the pBR322 pfasmid, 4362 and 

25 known Hha I sites, 31 . 

Continuing, c represents the counting efficien- 
cy of the nucleotide. The scintillation fluid, Scin- 
tiverse II (Fischer Scientific) revealed a 35% count- 
ing efficiency for the tritium-labeled probes. The 

30 number 22 * 10 s represents the number of dis- 
integrations per minute in one nanocurie of the 
isotope. The mass (M) is measured in picograms - 
(pg). The respective masses of the label strand and 
probe strand were estimated In picograms by mea- 

35 suring the optical density of the concentrated 
stocks. The calculations assumed that 1 OD» was 
roughly equivalent to 40 ug/ml of target probe. In 
our examples, the mass of the probe strands was 
100 ng, and the mass of the label probe was 10 

40 ng. 

In the calculations, the value for specific activ- 
ity was measured in disintegrations per minute per 
femtogram of probe (dpm/fg) added to the reaction 
mixture. In this method, the mass of the tail Is not 

45 considered to be part of the mass of the reagent 
probe. The tail is considered to be label only. This 
method was used since It is convenient in estimat- 
ing the apparent hybridization efficiency (E). In our 
examples, the reagent probe strand had a specific 

so activity of 0.4 dpm/fg, and the label strand had a 
specific activity of 03 dpm/fg. The apparent hy- 
bridization efficiency can be calculated as set forth 
in the equation below: 

55 E = (dpm hybridized/Sa)/(fg of complementary se- 
quence). The value for the hybridization efficiency 
is considered apparent because the specific activ- 
ity of the probes actually hybridized may well be 
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lower than that of tfie probe as a whole, in using 
this method for determining the hybridization effi- 
ciency, the specific activity of the reagent probe is 
greater than that of the labs! (dpm/fg of label) 
whenever the average tan length. U is greater than 
the original length of the probe. 

in completing the calculations. It was deter- 
mined that the reagent probe carried a tall of 
tritium-labeled dTMP of 85 residues. It was further 
determined that the reagent label strand had an 
average length of 85 deaxythymine residues. Hie 
apparent hybridization efficiency of the probe 
strand to the target strand was 1%, and the appar- 
ent hybridization efficiency of the label strand to 
amplifier strand was 100%. 

The target DNA, plasmfd pBR322, was immo- 
bilized by heat-denaturing 1 ng of the plasmid at 
100°C In 0.1 M sodium hydroxide for 5 minutes. 
The plasmid-sodium hydroxide mixture was then 
added to 25 volumes of ice-cold 2 M sodium 
chloride and slowly filtered through nitrocellulose 
filters (BASS) in a dot blot apparatus. The dots, 
containing the denatured target DNA, were neutral* 
Ized in 10x sodium chloride/sodium citrate buffer - 
(SSC), dried under an infrared lamp and baked for 
at least two hours at 85°C under reduced pressure. 
The dots affixed to nitrocellulose fitter paper were 
prehybrfdized twice. 

The prehybridlzation process saturates remain- 
ing DNA binding sites on the nitrocellulose filter. 
Reagent polynucleotide strands will therefore not 
bind to the nitrocellulose filter paper but will only 
affix to immobilized DNA of complementary base 
sequence. The first prehybridlzation step was at 
65*C for at least two hours in prehybridlzation 
buffer including 2x SSC, 0.5% SDS. 0.2% poly- 
vinylpyrrolidone, 0.2% ficoll, and 0.1 mg/ml prot- 
einase K (Boehringer Mannheim). The second 
prehybridlzation step was at 10-20°C below the 
cQsassocia t ion temperature of the reagent probe 
strand to the target strand as determined below, for 
at least two hours in the above prehybridlzation 
buffer. 

Reagent probe strands with tail portions were 
hybridized to the plasmid affixed to the nitrocel- 
lulose filter at 65°C, which is 10-20°C below the 
estimated disassoctation temperatures for Hha I 
fragments of pBR322 plasmid. Hybridization took 
place In the above prehybridlzation buffer. 

Some of the blots were blotted dry on What- 
man filters, dried under an infrared lamp and count- 
ed in a scintillation counter. Reagent probe strands 
hybridized to the plasmid DNA demonstrated a 
signal strength ranging from 950 to 1.600 cpm 
(above that of a filter without target DNA). 



Blots that were not counted were subjected to 
a further hybridization step wffli the amplifier-label 
complex. The amplifier-label complex was allowed 
to hybridize to the tail portion of the reagent probe 
5 at a temperature of 55°C for 30 minutes in 2x SSC 
buffer solution containing 0-5% SDS. The amplifier- 
label complex was the equivalent of 33 ng of 
polydeoxythymidine of 65 base length and 50 ng of 
polydeoxyadenosine. 

70 Blots hybridized to the reagent amplifier 
strands and reagent label strands were washed 
with several changes of 2x SSC buffer including 
0.5% SDS at 55°C for 10 minutes. 

The blots were blotted dry on Whatman fitters, 

75 dried under an infrared lamp and counted in a 
scintillation counter. The scintillation count indicat- 
ed that the blots subjected to the amplifieNabet 
complex had a specific activity of 7.500 cpm - 
(above that of a filter without target). Blots sub* 

ao jected to the probe strand had an activity of no 
mm than 1.600 cpm. Blots previously exhibiting a 
specific activity of 950 cpm when subjected to the 
probe strand now demonstrated a specific activity 
of 3,800 cpm when subjected to the amplifier-label 

25 complex. Thus, hybridization with the amplifier-la- 
bel complex enhanced the signal between 4 and 
4.5 times that of a simple radioactive-tailed probe. 
Each additional application of an amplifier-label 
complex would enchance the signal by a factor of 

so two. 

Thus, the present invention features means for 
amplifying weak specific activities of analytical 
probes without elaborate organic chemistry. Fur- 
ther, although the present example features radio- 

35 active labeling means, embodiments of the present 
invention also can be used for nonradioactive label- 
ing techniques where low signals have been a 
significant problem. For example, the label strand 
may include chemiluminescent agents such as 

40 microperoxidase, iron porphyrin derivatives, bac- 
terial tucrfarase, firefly luciferase. flavin mon- 
onucleotide, adenine triphosphate, and 
nicotinamide adenine cfinucleotide and its deriva- 
tives. Suitable fluorescent fight labels include a 

46 variety of fluorescent nucleotides such as etherto- 
adenosine nucleotides or etfieno-cytidine 
nucleotides, or fiinctionafized nucleotides such as 
amino-hexane adenosine nucleotides or mer- 
curinucleotides. 

so Further, due to the improved sensitivity, hy- 
bridization results can be achieved much faster 
because a detectable signal is obtained in a shorter 
time. The rate-limiting step, namely the initial hy- 
bridization of the target strand to probe strand is 

55 not impaired by large label moieties or long chair© 
of oligonucleotides. The amplifying or enhancing 
steps, using homopofymers, proceeds quickly pro- 
viding for rapid results. 



8 



15 



0 204 510 



16 



Thus, while preferred embodiments have been 
illustrated and described, it is understood that the 
present invention is capable of variation and modi- 
fication and, therefore, should not be limited to the 
precise details set forth, but should include such 
changes and alterations that fall within the purview 
of the following claims. 



Claims 

1. A method for assaying sample for a target 
ligand of a biological pair comprising the steps of: 
contacting sample with reagent under binding con- 
ditions wherein said reagent includes reagent 
probe, ampOfier.strand, and label strand, said 
reagent probe capable of binding to said target 
ligand and having a polynucleotide tail portion, said 
amplifier strand including a polynucleotide strand 
capable of binding to said tail portion and to a 
plurality of said label strands, and said label strand 
including a polynucleotide strand having a label 
moiety capable of detection, said reagent for for- 
ming a network of polynucleotide strands bound to 
said target ligand; 

removing unbound reagent from sample; and 

monitoring said sample for said label moiety. 

2. The method of Claim 1 wherein said reagent 
includes a second amplifier strand and a second 
label strand, said second amplifier strand capable 
of binding to said first amplifier strand and said 
second label strand capable of binding to said 
second amplifier strand and including a label moi- 
ety, said method further comprising the additional 
step prior to monitoring and after contacting said 
sample with reagent the sample probe amplifier 
strand and label strand, comprising contacting said 
sample said second amplifier strand and said label 
strand under binding conditions to form a network 
of polynucleotide strands. 

3. The method of Claim 1 or 2 wherein said 
amplifier strand is capable of binding to a plurality 
of label strands. 

4. The method of any of Claims I to 3 wherein 
at least one oi said amplifier strand and probe 
strand includes label moieties. 

5. The method of any of Claims 1 to 4 wherein 
said regent probe includes a polynucleotide probe 
portion complementary to said target ligand. 

6. Th9 method of any of Claims I to 5 wherein 
said tail portion of said reagent probe, said am- 
plifier strand, and said label strand include homo- 
polymers. 

7. The method of any of Claims 1 to 6 wherein 
said reagent sample is first contacted with reagent 
probe, said target ligand is allowed to bind to said 



reagent probe to form a ligand-receptor complex, 
followed by contacting said Bgand-reagent complex 
with a reagent amplifier strand and reagent label 
strand wherein said amplifier strand and label 
s strand are bound to each other to form an amplifier 
label complex. 

a The method of any of Claims 1 to 7 wherein 
said label moiety is nonradioactive. 

9. A reagent composition for enhancing the 
ro signal-generating capabilities of a reagent probe 
having a polynucleotide tail portion comprising: a 
reagent ampRfiertabel complex Including poly- 
nucleotide amplifier strand and a plurality of label 
strands bound thereto, said amplifier strand ca- 
rs pable of binding to a reagent probe, said label 
having a label moiety capable of detection, said 
amplifier-label complex for binding to said reagent 
probe forming a network of polynucleotide strands 
capable of detection. 
20 10. The reagent composition of Claim 9 
wherein at least one of said amplifier strand and 
said probe strand includes label moieties. 

11. The reagent composition of Claim 9 or IO 
wherein said ampBfier strand and label strand are 

25 complementary homopolymers. y 

12. A kit for assaying sample for target ligand 
of a biological pair comprising: 

reagent Including reagent probe, amplifier strand 

30 and label strand, said reagent probe capable of 
binding to said target ligand and having a poly- 
nucleotide tail portion, said amplifier strand Includ- 
ing a polynucleotide strand capable of binding to 
said polynucleotide tail of said reagent probe, and, 

35 said label strand capable of binding to said am- 
plifier stmd and having a label moiety capable of 
detecting said reagent for forming a network of 
polynucleotide strands capable of detection bound 
to said target ligand. 

4o 13. The kit of Claim 12 further comprising a 
second amplifier strand and a second label strand, 
said second amplifier strand capable of binding to 
said first amplifier strand and said second label 
strand capable of binding to said second amplifier 

45 strand. 

14. The kit of Claim 12 or 13 wherein said 
reagent probe Includes a polynucleotide probe por- 
tion complementary to said target Dgand. 

15. The kit of any of Claims 12 to 14 wherein 
so said tail portion of said reagent probe, said am- 
plifier strand and said label strand Include homo- 
polymers. 

16. The kit of any of Claims 12 to 15 wherein 
said amplifier strand and said label strand are 

ss bound to each other in an amplifier-label complex. 

17. The kit of any of Claims 12 to 16 wherein 
said label moiety is nonradioactive. 
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